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Abstract 
The availability of floating car data (FCD) enables operators to use novel methods in travel time estimation. A 
first step towards combining traffic data from loops and FCD is to check the compatibility between the two types of 
travel time estimates. We perform an in-depth statistical analysis that allows us to compare various travel time 
estimates using data collected from the peri-urban highways in the region of Lille, in north France. The comparison 
is performed separately for light and heavy vehicles and for various settings: peak hour, off-peak hours, working 
day, holiday, rain, and so on. The results show that the two estimates are linearly correlated and a specific function 
can be calibrated for each site for itineraries of variable length. Overall, this paper provides evidence that different 
flow regimes necessitate differentiated a priori treatment in order to enhance the reliability of estimates made on data 
coming from different sources. 
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1. Introduction 
Advanced traveler information systems (ATIS) are being deployed at a large scale internationally. 
Communications and display technologies now allow for the provision of key travel information to drivers in real 
time and, thus, introduce a new era in infrastructure management strategies. Real time information can be either 
prescriptive or descriptive and it may be provided either pre-trip or en-route. Information provision aims to assist 
drivers in decision making and to enhance travel safety and comfort with additional benefits to the overall system 
performance. Informed drivers can make more rational choices regarding route choice conditional upon travel time 
and travel time reliability.   
Numerous studies provide evidence on the importance that drivers give to travel time information under normal 
traffic conditions as well as in the case of accidents, works, adverse weather, or special events. In Europe, most 
infrastructure management systems continue to use conventional inductive loop detectors to collect the necessary 
input data. In the latter case, infrastructure operators apply a site-specific algorithm to provide reliable travel time 
estimations to motorists.  
Yet, the availability of floating car data (FCD) enables operators to use novel methods in travel time estimation. 
The principle of FCD-based methods is to collect real-time traffic data by locating the vehicle via mobile phones or 
GPS over the entire road network. Private parties provide FCD data that may cover parts of the network with or 
without inductive loop equipment. FCD either replace loop data if necessary (unavailability, technical failure, etc.) 
or they are combined with loop data in order to enhance travel time estimates.  
A first step towards combining the two data sources (i.e. loops and FCD) is to check the compatibility between 
the two types of travel time estimates (i.e. prior to the application of predictive algorithms). The objective of this 
research effort is to perform a compatibility analysis using statistical tools in order to identify specific error patterns 
or physical inconsistencies. In this paper, we present the work undertaken so far for the case of the peri-urban 
highways in the region of Lille, in north France. We perform an in-depth statistical analysis that allows us to 
compare various travel time estimates. The comparison is performed separately for light and heavy vehicles and for 
various settings: peak hour, off-peak hours, working day, holiday, rain, and so on. 
After a short background on FCD and loop data comparison (section 2), we present the site of the study (section 
3), and we describe the algorithms and the data sources that are currently used for travel time estimation (section 4). 
Next, we present the data set and perform the comparison analysis (section 5). Finally, results are discussed and 
future research recommendations are provided (section 6).   
2. Background 
Over the last decade, a great number of researchers have explored the possibilities offered by FCD technologies 
with particular emphasis on travel time estimation (see, for example, Chen and Chien, 2001; Zheng and van Zuylen, 
2012) and prediction (see, for example, Gunawan and Chandra, 2014). Some of them go even further by augmenting 
FCD data by weather or other real time data known to have an impact on flow (Qiao et al., 2012). The sample-size 
and the choice of an appropriate extrapolation technique have also attracted considerable attention. Furthermore, 
researchers constantly explore possible techniques that could improve algorithms and systems for generating FCD 
from GPS position (see, for example, Kuhns et al., 2011). Travel times from actual vehicle trips are compared with 
travel times as they result from the FCD algorithm and suggestions for improvement are made.  
However, it remains an open question which technology is closer to the ‘ground truth’ and can be taken as a 
reference baseline for system evaluations. In Liu et al. (2012), the data collected by TRANSMIT readers, Bluetooth 
sensors, and INRIX were assessed by comparing each to the ‘ground truth’ travel times collected by probe vehicles 
carrying GPS-based navigation devices. Automatic number plate recognition (ANPR) has been used also as 
reference measurement. Using ANPR, Brockfeld et al. (2007) concluded that FCD system is particularly able to 
detect jammed situations and the travel times calculated. Graser et al. (2012) found that the FCD system detects 
travel time peaks in case of congestions more robustly than stationary sensor infrastructure although very high peaks 
are not recognized to the full extent. Rahmani et al. (2015) also used ANPR data along several routes to assess and 
correct for possible FCD inherent bias in TT estimates.  
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Inductive loop data and FCD have been jointly introduced in some studies. Naranjo et al. (2012) combined loops 
to FCD data in order to enhance predictions but did not check for compatibility issues. Mazaré et al. (2012) explored 
data from the Mobile Century experiment and considered more than 900 combinations of loop detector data and 
GPS data of various volumes. They compared TT for (i) only FCD, (ii) only loop, (iii) loop and FCD estimates to 
TT recorded by ANPR data that were considered as the baseline. However, loop and FCD data were not compared 
to one another. Bar-Gera (2007) directly compared loop data to FCD data obtained from a cellular phone-based 
system in Israel. The TT estimates provided a good match. He concludes that the available data was not sufficient 
for identifying the most accurate measurement method as neither technology can be considered as the ‘ground 
truth’. Similar conclusions were drawn by Kwon et al (2007). Finally, as argued in Rose (2006), globally, the results 
show a good correlation between the two speed measurement methods, although depending on the road section 
considered.  
To summarize the above, various sophisticated techniques have been developed to achieve heterogeneous data 
fusion for robust TT estimations. However, their application should be based on a prior systematic performance 
evaluation and the so called ‘ground truth’. This issue has not been thoroughly addressed. In other words, the 
‘physics’ of flow have not been integrated in the estimation models prior to the application of prediction algorithms. 
Fundamental factors that are known to influence flow characteristics, such as weather and vehicle category, have not 
been taken into account so far at the stage of date fusion and estimation of the actual traffic state. 
3. The A25 motorway in Lille, France 
The motorway network of the Lille Region is managed by the Direction Interdépartementale des Routes du Nord 
(DIRN), France. This network accommodates a high traffic demand, especially during peak hours. Traffic demand 
has been increasing over the last years due to the growing economic attractiveness of the Lille Region. Recurrent 
congestion is formed at the level of both the ramps and the link sections. The latter is exacerbated by the impact of 
frequent perturbations. Furthermore, the capacity reserves on the alternative network are very limited. As a result, 
saturation is quickly propagated to the rest of the network.    
The geographical area of this study is located at the south part of the ring road of the city of Lille that has a 
growing population of 226.827 (2009 census). However, the population of Lille’s metropolitan region is over 1 
million. The section of interest has a length of 15 km. It belongs to the A25 motorway and is operated with the 
‘Allegro’ management system. The considered section extends from the ‘La Chapelle’ interchange to the ‘Porte 
Sud’ that is shared with the A1 motorway (see Fig. 1). It can be divided in two parts as follows:   
•  a first interurban section in the west, 2x3 lanes, 6 km long with a speed limitation at 110 km/h; 
•  a second urban section in the east, with 2x3 and 2x4 lanes, 9 km long, with a speed limitation at 90 km/h and a 
large number of interchanges (inducing several weaving subsections). 
 
 
 
 
 
 
 
 
 
Figure 1. Section of the A25 motorway (Source DIRN) 
 
This stretch of the A25 absorbs a traffic volume ranging from 100.000 to 150.000 vehicles per day at the 
confluence with the A1 motorway in the South-East. The A25 motorway is experiencing a high percentage of heavy 
vehicles that is estimated to be somewhere between 12% and 15% per working day. In particular, 21.000 trucks use 
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the ‘Port Fluvial interchange’, every day. Heavy vehicle traffic is observed from 7 to 18 pm, with a peak in the late 
morning and early afternoon. In the east-west direction, the most critical situation occurs at the evening peak, i.e. 
around 16:30. 
4. Available information on travel time 
Congestion problems observed, especially on the urban part of the A25 motorway, emphasize the need to 
accurately inform users on their travel options.  Provided information should be, of course, multimodal but it should 
also include reliable travel time estimates based on actual traffic conditions and level of service. In order to estimate 
and display travel times, traffic operators develop algorithms that provide real time estimates from data supplied by 
the data collection system in place.  
On the Lille motorway network, basic measurements are provided by inductive loops. Aggregated values of 
volume, occupancy rate and average speed are available every one minute. Due to the high number of detectors on 
the motorway (on average one station every 500 m), an instantaneous estimation method has been chosen for this 
calculation. The algorithm of this method (also known as the extrapolation method) assumes that traffic conditions 
remain constant from the moment a vehicle enters a 500m-section link until the moment it leaves this link and enters 
the following one downstream (Turner et al, 1998). The total travel time is then computed by adding the 
intermediate travel times on all links. The intermediate travel time is derived, in real time, from spot speed 
measurements. Finally, the overall travel times along specific routes of interest become available and can be 
displayed to the users.  
The above information only concerns the parts of the network that are equipped with appropriate sensors. 
However, several major axes of the Lille network are not equipped with loops. Furthermore, DIRN does not intend 
to implement intrusive equipment on the ring road. Hence, information on travel time cannot be disseminated for 
this part of the network at the time being. This is why the traffic managers imagined a possible recourse to FCD 
technologies.  
FCD technology implements the principle of geo-localization by satellites from various GPS devices. This 
technology has many advantages. First, it is not intrusive. It is an economical solution without infrastructure 
deployment. The volume of data and their reliability are growing continuously. Implementation time is short and 
implementation procedure is easy. The geographical area and the study period can be rapidly adjusted and extended.  
Data collection is already performed by a private operator who makes an anonymous collection of travel 
information from vehicles equipped with GPS systems: driver assistance systems, fleet tracking, etc. Data come 
from both passenger cars and heavy vehicles. Currently more than 5% of the passenger cars are tracked. Reported 
data include GPS position, speed and cap. Filtering and processing FCD allows, in real time, to calculate average 
speeds on defined sections, to determine level of service (LOS) on these sections from predefined thresholds and, 
finally, to calculate travel times on selected routes.  
At this stage, travel times (TTloops) and (TTFCD) from each technology become available. Before any operational 
use of these data, network managers wish first examine their compatibility based on a thorough comparison. 
 
5. Comparative analysis 
5.1. Data sets used  
Comparison of travel times is undertaken for 7 itineraries on the A25 motorway, in the westbound direction. The 
length of the itineraries varies from 2,5 to about 14,5 km. The starting and ending points of these itineraries match 
the exact positions of Variable Massage Signs beacons on the motorway. Two of them are illustrated in Fig. 2.  
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Figure 2. Example of itineraries on the urban part of A25, westbound (Source DIRN) 
 
Travel times are calculated by loops and by FCD probe vehicles for the month of June 2014. Values are available 
on a 3-minute basis and smoothed every minute. Travel time from loops concerns all the categories of vehicles. The 
FCD system collects separately the travel time of passenger cars and trucks. The FCD processing system disposes of 
many interesting features. It provides, for example, the number of probe vehicles used to calculate the travel time 
and a reliability index for each measurement. 
In order to refine the statistical comparison of the two technologies, data collection takes into account the 
modalities "dry" and "wet weather" from precipitation measurement. In addition, information from "ground truth" is 
available and allows identifying specific traffic periods. The ground truth collects information on incidents, road
works ore specific events.  
5.2. Empirical distributions for travel time (TT) estimations 
The first comparison concerns the statistical distributions of the TTloops and the TTFCD estimates on specific 
itineraries. In what follows, we present the results for an itinerary (It.1) with the following characteristics:  
• length of 7.7 km  
• dry weather conditions  
• working day (Tuesday, June 12th, 2014) 
Data were collected every one minute and allowed us to form statistical samples of sufficient size. For the FCD 
technology, we distinguish between light vehicles (LV) and heavy vehicles (HV). Fig. 1a, 1b, and 1c depict the 
distribution of TT estimates during the study period and per technology of data collection. 
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Figure 3: TT distributions for It.1  
The histograms of Fig.3 provide similar forms for the distribution functions considered. However, we observe 
differences in the values of the moments: mean, variance, etc. Table 1 summarizes some statistical metrics for It.1  
          Table 1. Descriptive statistics for TT (in s) for the samples of It.1. 
 Loops FCD (LV) FCD (HV) 
Sample size 1,252 1,252 1,252 
Minimum 279 228 298 
Maximum 766 609 594 
Median 319 293 332 
Average 337 303 343 
Standard deviation 65 56 44 
 
As the distributions are not normal, an analysis of variance (ANOVA) is not appropriate here. Therefore in order 
to further compare the three daily samples, we use the Kruskal Wallis test which presents the advantage of being 
non-parametric. It tests equality of means in the three groups: loops, FVD(LV) and FCD(HV). The value of the 
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Kruskal Wallis statistic is 1487, strongly above the critical threshold 5.991 at a confidence level of 95%. The null 
hypothesis is therefore rejected and we conclude that the travel time averages are different among the three groups. 
The same result was obtained for all 7 itineraries examined.  
In the following sections, we present the results of the direct comparison of (TTloops) and (TTFCD). 
5.3. Comparison on working days and for dry weather conditions 
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Figure 4: (a) TT estimates for It.1; (b) Relative deviation between TT estimates for It.1 
Fig. 4a shows the travel times over a trip of about 7,5 km for a working day (Thursday June 12, 2014) from 00:00 
to 24:00. The FCD travel times curve (TTFCD) refers to that of passenger cars. Several observations can be made. 
First, TTloops are generally greater than TTFCD. This result is logical because the TTloops take into account all the 
categories of vehicles without distinction, thus including trucks. Outside the period of heavy vehicle traffic, the 
differences between TTloops and TTFCD appear smaller. Second, the two travel time series are synchronous. The peak 
period with high values of TT is observed during the evening, between 16:30 to 18:30 for both cases. Finally, loop 
measurements are not available for some time slices. 
Various indicators can be used to study the deviations between loops and FCD. For our comparison, we define 
the Mean Percent Error (MPE) and the root mean square error RMSE by 
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                               (Eq. 1) 
MPE can be defined and calculated separately for passenger cars and for trucks and gives the direction and size of 
bias. Fig. 3b depicts the hourly evolution of MPE throughout the day. One maximum is observed during the evening 
peak, but no consistent pattern can be identified. Finally, let us remark that some authors use the Mean Absolute 
Percent Error MAPE (Mazaré et al, 2012) defined by  
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Purson et al. (2014) use rather a reliability indicator based on the percentiles of the travel time distribution.  
5.4. Comparison on working days and for rainy weather conditions 
The case of "wet road surface" is shown in Figures 5a and 5b, for Wednesday June 4th, 2014 (It.2). As before, the 
two series are synchronous but the relative differences appear more stable during the day. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: (a) TT estimates for It.2; (b) Percent error between TT estimates for It.2 
5.5. Comparison on  Saturdays and Sundays 
This case differs from the previous by the absence of peak period. The differences between TT estimates of the 
two technologies remain stable throughout the day. 
5.6. Comparison while accounting for trucks 
Fig. 6(a) illustrates TT for a third itinerary on a working day and for good weather conditions (It. 3) and includes 
trucks. We see that the FCD truck curve is closer to the curve of loops than is that of passenger cars. This indicates 
that trucks represent well the flow of vehicles as measured by loops during working days, 5 to 20 pm. However, as 
clearly shown in Fig. 6(b), the differences between the three travel times decrease when rainfall is high, as in the 
case for Friday, June 27, 2014 (It. 4). This is a consequence of the reduced speed limit in case of rain. Furthermore, 
we found that this result is not valid on Sundays. We assume that this finding can be explained by low truck 
volumes on Sundays due to restrictive traffic regulations. Consequently, the TT of trucks as given by FCD seems to 
be unreliable and not representative of the general flow. 
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Figures 6: (a) TT estimates for It. 3;  (b) TT estimates for It. 4  
5.7. Variability of differences between TT 
Table 2 summarizes the MAPE and standard deviation of the absolute percent error between TTloops and 
TTFCD. The values are listed for an average trip length, on one working day. The orders of magnitude remain valid 
for the other trips. Values are calculated for the whole day and then for the peak and off-peak periods. The average 
relative difference is of 11% for the passenger cars regardless for the whole day and the off-peak period. It is lower 
for trucks. MAPE values increase strongly during the peak period. The variability of these deviations increases 
strongly during peak periods for both vehicle categories and the corresponding standard deviation gets two times 
higher.  
Table 2: MAPE and standard deviation of the absolute percent error between travel times estimated by loops and FCD 
Percent Error (%) Average Standard Deviation 
 Passenger Cars Trucks Passenger cars Trucks 
Working day 11.0 7.8 6.7 6.7 
Off-peak period 10.6 7.2 5.9 5.2 
Peak period 19.7 21.0 13.9 14.9 
5.8. The correlation between TTloops and TTFCD 
The three graphs of Fig. 7 represent the scatterplots crossing (TTloops) versus (TTFCD). Figure 6a corresponds to 
the case of (TTFCD) for passenger cars and Fig. 7(b) for trucks. We define an FCD travel time weighting the FCD 
travel times of the previous 2 categories. The weights correspond to the numbers of probe vehicles observed during 
the time slice period considered. As mentioned before, this characteristic is provided by the FCD operator.  
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Figure 7: TTloops versus TTFCD (a) Passenger cars (b) Trucks (c) Passenger cars and trucks 
The shape of the scatterplots confirms the correlation between the travel times given by the two technologies. In 
the case of FCD for trucks, the scatterplot appears best centered with respect to the bisecting line. Fig. 7 illustrates 
the linear correlation between TT. Calibrating a relationship can be made by regression analysis. In our case, 
regression through the origin (i.e without constant) seems appropriate.  
Numerical results are given below. Note that the R2 values are specific for the regression through the origin 
(Eisenhaurer, 2003): 
• TTloops = 1.116 TTFCD(LV)            R2 = 0.653    
• TTloops = 0.97 TTFCD(HV)         R2 = 0.570 
• TTloops = 1.073 TTFCD(LV+HV)           R2 = 0.660 
The previous relationships were calibrated for several distinct itineraries. It was found that the slopes of the lines 
obtained are virtually invariant among itineraries.  
We should note, though, that these relationships are site-specific. They are particularly useful for the operators as 
they show that TT estimates by loops and FCD technology are closely related. Knowledge of an estimation of a TT 
by one technology can be used to calculate the TT by the other technology. TT by loops and FCD appear therefore 
compatible.  
6. Conclusion 
The objective of this research was to explore the compatibility of FCD and inductive loop data in the purpose of 
TT calculation prior to prediction. Compatibility included physical properties having an impact on flow: weather 
conditions, type of day, vehicle category. We performed a comparison analysis using statistical tools and a dataset 
from the Lille network (France). TT estimates based on loop detectors were provided from the ‘Allegro system’ 
while FCD estimates were provided from the ‘Autoroute Trafic’ operator.  
 
The major findings of this research are listed below: 
• The average TT from loops and FCDs are statistically different. 
• The TT measurements of the two technologies are synchronous. 
• The TTFCD(LV) are systematically lower than TTloops while the TTFCD(HV) are higher and closer to the TTloops 
estimates.  
• Under rainy conditions, all estimates seem to converge due to a better compliance of speed limits.  
• On Sundays, TTFCD(HV) do not seem to be reliable because of the regulations on the movement of heavy 
vehicles. 
• Under unstable flow, the percent error between TTloops and TTFCD is maximum. 
• The TTloops and the TTFCD are linearly correlated and a specific function can be calibrated for each site for 
itineraries of variable length. 
255 Simon Cohen and Zoi Christoforou /  Transportation Research Procedia  10 ( 2015 )  245 – 255 
• On working days, the MAPE is of approximately 12% and with a standard deviation of 6%. On Sundays, the 
standard deviation of the MAPE is of 9%. 
Overall, this paper provides evidence that different flow regimes necessitate differentiated algorithms and data 
fusion techniques in order to enhance the reliability of TT estimates and, then, proceed to short- or longer-term 
travel time predictions. Of course, our quantitative results are site-specific and cannot be transferred to other 
motorways. Nevertheless, the proposed methodology can be easily applied to other partially (or fully) equipped 
networks where some FCD are available. Finally, we believe that our qualitative results, listed previously, apply to 
other networks as well.  
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